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Background. We previously showed that meconium cuases lung cell death by apoptosis and inﬂammatory cytokine expression.
Whether this is due to meconium exposure itself, or meconium related hypoxia remains unclear. Objectives. To elucidate the eﬀects
of meconium, saline, milk, hypoxia and hyperoxia induced lung injury. Design/Methods. We studied 5 groups of rabbit pups: (I)
normal saline; (II) Milk; (III) 10% solution of meconium; (IV) only to 15 minutes of hypoxia (10% O2), and (V) 5 minutes of
hypoxia (95% O2). After exposure lung lavage cells were used for apoptotic cell count and cytokine expression. In vitro response
of human A 549 epithelial cells to meconium-and milk exposure was also studied. Results.T h e r ew a sn od i ﬀerence in cell death
between saline and milk groups. However, meconium caused a signiﬁcant cell loss compared to saline and milk—Inﬂammatory
cytokines increased signiﬁcantly in meconium group compared to saline or milk group. Although hypoxic and hyperoxic lungs
showed increased inﬂammatory reaction compared to saline-treated lungs, this injury was not signiﬁcant compared to meconium
group. Studies with A549 cells also showed similar results. Conclusions. We conclude that lung cell injury in meconium aspiration
is maily from meconium itself.
1.Introduction
In previous studies, we demonstrated that meconium expo-
sure in neonatal rabbit lungs leads to signiﬁcant cell death
and expression of inﬂammatory cytokines [1]. It can induce
compliment activation, apoptosis, and phospholipase A2
activation [2]. In clinical situation, the most deleterious
eﬀect of MAS is the development of both increased pul-
monary vascular resistance (PVR)and associated pulmonary
hypertension [3]. The cause of increased PVR is believed
to be related primarily to hypoxia and by the meconium-
induced lung injury; however, the relative contribution of
other mechanisms and mediators are unknown [4]. New-
born infants with meconium aspiration frequently require a
high concentration of oxygen. High oxygen exposure is also
associated with adverse pulmonary eﬀects [5, 6].
In clinical meconium aspiration syndrome (MAS), there
are three major mechanisms of lung cell injury. (1) Meco-
nium and its components may by itself cause cell injury.
(2) Associated hypoxia can also cause cell injury. (3) During
treatment, lungs are exposed to high oxygen concentration,
which may also cause cellular injury. Thus, all these mech-
anisms may play a major role in meconium-induced lung
cell apoptosis and increased cytokine expression. However, it
is not known whether hypoxia and hyperoxia will indepen-
dently induce lung injury similar to meconium.
We hypothesized that lung injury associated with meco-
nium may be due to cellular responses to hypoxia and
hyperoxia seen in MAS. In order to test our hypothesis,
we designed a study to determine the independent eﬀects
of meconium, hypoxia, and hyperoxia and inert substances
such as saline and milk in inducing lung cell apoptosis and
inﬂammatory cytokine response. In addition to the above
studies, we conducted in vitro experiments using A549 cells
to study the independent eﬀect of meconium and saline in
the presence of hypoxia and hyperoxia in inducing apoptotic
cell death. In this paper, we present our ﬁndings of these
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2.MaterialandMethods
2.1. Meconium Preparation. Fifteen ﬁrst-pass human meco-
nium samples were obtained from full-term, healthy
neonates. Oneg of fresh newborn infant meconium was
homogenized on ice in a blender with 9ml of 0.9% NaCl to
a 10% (weight/volume) ﬁnal concentration followed by spin
downat5.000RPMfor20minat4◦Ctoseparatesupernatant
and pellet (debris). Then supernatant ﬁltered via a glass ﬁlter
followed by sterilization via 0.2m ﬁlter (both ﬁlters were
from Millipore Co., Bedford, MA) and used for instillation
in the lungs. Meconium of higher then 10% concentration
in our experiments caused death of many rabbit pups. Their
breathing was slower, followed by complete apnea. Because
of this reason, we decided to use a 10% meconium solution
for our studies.
2.2. Animal Model. We used two-week-old New Zealand
white rabbit pups (LSP Industries, Union Grove, WI) as
animal models for our study [1] .T h ea n i m a l sw e r ec a r e d
for and handled according to National Institute of Health
guidelines. The Animal Care and Use Committee at Michael
Reese Hospital, Chicago, Illinois, approved this study. For
a few days preceding the experiment, animals were housed
with their mother in stainless steel rabbit cages. The mothers
were fed with regular Purina rabbit chow (Scientiﬁc Animal
Feed Co., Arlington Heights, IL).
We used six rabbits in each group and for each time
period (the minimum allowing for obtaining statistically
signiﬁcant data). Five groups of animals were studied: Group
I: saline-instilled (subgroup a: only saline; subgroup b: saline
in hypoxia; subgroup c: saline in hyperoxia); Group II:
exposed to hypoxia (FiO2: 10%) for a period of 15 minutes;
Group III: exposed to hyperoxia (FiO2:9 5 % )f o rap e r i o do f
15minutes;GroupIV:instilledwith10%meconiumsolution
(subgroup a: only meconium; subgroup b: meconium in
hypoxia; subgroup c: meconium in hyperoxia); Group V:
instilled with milk “Similac” with iron, infant formula, Ross
Pediatrics. Saline, milk, or meconium was instilled in the
volume of 300g per 200g of body weight. Animals did
not tolerate hypoxia of FiO2 less than 10% for longer than
15 minutes. The groups subjected to saline, meconium,
and milk instillation (Groups I, IV, and V) were studied
at 0-, 4-, 8-, and 24-hour time periods from insult and
then they were sacriﬁced. Before instillation, we anesthetized
rabbits with 10mg/kg Ketamine and 1mg/kg Xylazine, given
intraperitoneally [1]. A small midline incision was made
on the ventral aspect of the neck to expose the trachea;
saline, meconium, or milk was then instilled into lungs
followed by 5ml of bolus of air to spread meconium into the
lungs. The skin incision was closed with 4–0nylon suture;
the rabbits were allowed to breathe room air spontaneously
for 0, 4, 8, and 24 hours and then were euthanized with
Nembutal (100mg/kg, i.p.). Immediately after sacriﬁce, the
chest was opened by a midline incision, lungs were isolated
and lung lavage was obtained as described below. We
evaluated a timeline for the rabbits to develop signs of lung
injury rather than test for their survival rate at the end of
experiment.
After the sacriﬁce of each animal and isolation of
the lungs, the tracheas were cannulated and lavage was
performed through the trachea and main bronchi to recover
lung cells as described earlier [1]. We collected lung lavage by
10ml aliquot three times to collect 30ml of lavage ﬂuid per
rabbit studies. We obtained a total protein after several times
cell sonication using an ultra sound sonicator (and then
spinned down at 10,000RPM for 10 minutes to isolate cell
debris. Then we precipitated supernatant-contained protein
by acetone and then pellet dissolved in 50μL of ddH2Ot o
measure protein concentration by Bradford Method. Finally,
we added 50μL of SDS sample buﬀer to the sample and
performed 10% SDS gel electrophoresis.
2.3. Cell Death Determination. Lung lavage ﬂuid was spun
down at 5,000RPM for 10min at 4◦C. Then supernatant
was discarded and cell pellet then was stained with 0.1g/ml
Ethidium Bromide and Acridine Orange (Sigma Chemical
Co., St. Louis, MO). Fluorescent microscopy of the lavage
cells (mostly macrophages, leukocytes and neutrophils) was
performed as described by us earlier [1]. Fluorescent analysis
clearly diﬀerentiates live cells from dead. Live cells (stained
with Acridine Orange) appeared green, while dead cells
(stained with Ethidium Bromide) appeared red. The number
of dead cells was counted three times, in diﬀerent areas of
the slide, and the results were calculated as a percentage from
each 100 cells counted.
2.4. Studies of Cytokines Proteins Using ELISA. The super-
natants obtained after centrifugation of the samples were
used for ELISA assays as described earlier [1]. We measured
the IL-1β, IL-6, IL-10, and TNFα cytokine expressions in
pictogramsinmilliliter(pg/ml)usingcommerciallyavailable
ELISA kits as described by their manufacturer (R&D Systems
Co., Minneapolis, MI).
In a separate experiment, independent eﬀects of hypoxia
orhyperoxiaonmeconium-inducedlunginjurywerestudied
using human lung epithelial A549 cells in culture. Cells were
treated in hypoxic or hyperoxic conditions and then 10%
meconium solution was added. Detailed description of cell
culture work is described below.
2.5. Cell Culture. We are conducting in vitro studies to
demonstrate meconium-induced inﬂammation using cul-
tured A549 cells. The human lung adenocarcinoma cell line
A549 was obtained from American Type Culture Collection
a n dc u l t u r e di nH a m ’ sF 1 2m e d i u ms u p p l e m e n t e dw i t h1 0 %
fetal bovine serum (FBS). Cells collected were over 90%
pure as assessed by acridine orange staining. All cells were
seeded in 24-well or 6-well chambers and all experiments
were conducted at densities of 80%–90% in a serum-free
Ham’s F12 medium. Cells were treated ﬁrst in hypoxia (or
hyperoxia) for 15 minutes, and then 10% meconium was
added to the plates and incubated for eighthrs in hypoxic
or hyperoxic conditions at 37◦C before harvesting. For
quantitation of cell death, we used Acrydine Orange (live
cell staining, green color) and Ethidium Bromide (dead cell
staining, orange color) stained cells.Mediators of Inﬂammation 3
Table 1
(a) Total lung lavage cell count after exposure to saline, meconium, and
milk.
Time Saline (total
lavage cells)
Meconium (total
lavage cells)
Milk (total
lavage cells)
0h o u r s 15.1 ±2.1 ×103 14.8 ±5.1 ×103 16.2 ±3.2 ×103
4h o u r s 16.0 ±2.7 ×103 12.1 ±8.8 ×103 14.7 ±2.9 ×103
8h o u r s 14.2 ±2.1 ×103 10.7 ±5.2 ×103∗ 15.2 ±3.7 ×103
24 hours 12.9 ±2.4 ×103 8.8 ±11.1 ×103∗ 13.8 ±2.6 ×103
∗P<. 05 versus 0hrs
Meconiumgroupdemonstratedalowertotallavagecellnumbercompared
to saline and milk groups. At 8 and 24hrs after meconium instillation, the
decrease of cells is signiﬁcantly lower (P<. 05) than baseline.
(b) Total lung lavage cell count after exposure to hypoxia and hyperoxia.
Time Hypoxia group
(total lavage cells)
Hyperoxia group
(total lavage cells)
15min 9.12.3 ×103 12.62.5 ×103
Lavage from hypoxic animals contained lower number of total cells,
compared to hyperoxia group.
2.6. Data Analysis. All measurements were compared using
the repeated measure analysis of variance. Results are mean
± standard deviations of at least four experiments. In
morphological experiments, 300 cells were counted per each
slide and numbers were compared between the groups.
Paired evaluations were made for experimental and control
conditions within each experiment, and signiﬁcance was
determined by student’s t-test. Statistical signiﬁcance was
determined using ANOVA with P<. 05 regarded as
signiﬁcantly important. All statistics was calculated by InStat
Biostatistics software.
3. Results
Saline-instilled animals (control group) revealed approxi-
mately same amount of lavage cells as milk-instilled lungs.
Table 1(a) shows cell count in lung lavage at diﬀerent times.
Meconium-instilled animals demonstrated signiﬁcantly
lower lavage cell number at a period of 8hrs after meconium
instillation versus milk- or saline-instilled (10.7 ± 5.2 × 103
versus 15.2 ± 3.7 × 103 versus 14.2 ± 2.1 × 103) and 24hrs
(8.8 ± 11.1 × 103 versus 13.8 ± 2.6 × 103 versus 12.9 ± 103).
Hypoxia was associated with low cell count at 15 minutes
treatment time similar to meconium. Hyperoxia showed no
diﬀerences (Table 1(b)).
Observed cell death in lung lavage can be very signiﬁcant
and can reach up to 52% within 24hrs after meconium
instillation [1]. Figure 1(a) demonstrated presence of lavage
cell death in meconium, saline, and milk. There were no
signiﬁcant diﬀerences between these groups. Cell death in
hyperoxic and hypoxic conditions are shown in Figure 1(b).
The number of dead cells after meconium instillation was
signiﬁcantly higher than after saline and milk instillation
and the diﬀerences were statistically signiﬁcant (P<. 05).
Cell death signiﬁcantly increased with time in the meconium
Table 2
(a) Total protein content in lung lavage ﬂuid after exposure to saline,
meconium, and milk (mg/ml).
Time
Saline group
(total protein,
mg/ml)
Meconium
group (total
protein, mg/ml)
Milk group
(total protein,
mg/ml)
0h o u r s 0.09 ±0.10 .9 ±0.21 .2 ±0.2
4h o u r s 0.11 ±0.14 .1 ±1.0∗ 1.1 ±0.7
8h o u r s 0.20 ±0.25 .7 ±2.1∗ 1.7 ±0.2
24 hours 0.24 ±0.26 .2% ± 1.7∗ 2.0 ±0.4
Total protein in lung lavage increased signiﬁcantly in meconium group
compared to both saline and milk groups (∗P<. 05). There was a 10–
20-fold increase in protein content meconium group compared to saline
group and about 4-folds compared to milk group. Instillation of milk
resulted in about 8–10-fold increase of total protein content compared to
saline (∗P<. 05). Please note that values at 0hr indicate preinstillation
baseline values in each group.
(b) Total protein levels after in hypoxic or hyperoxic conditions in lung
lavage (mg/ml).
Time Hypoxia group (total
protein, mg/ml)
Hyperoxia group (total
protein, mg/ml)
15min 2.3 ±0.9
∗ 3.1 ±1.1
∗
There was no diﬀerence in protein content between hypoxia and
hyperoxia group. However, these levels were signiﬁcantly lower than in the
meconium group (P<. 05) (see above in Table 2(a)) and higher than the
saline group.
group, but not in the saline or milk groups (Figure 1(a)).
Hypoxia resulted in 7.1% ± 1.3% and hyperoxia in 4.4% ±
0.5% of dead cells in Figure 1(b).
Onmicroscopicexaminationsweobservedmanyinﬂam-
matory inﬁltrated cells and many opened alveoli. Arterial
wallswerethickcomparedtosaline-instilledanimals.Wealso
observed fragmented basement membranes, which also were
inﬁltrated with inﬂammatory cells. Hypoxia also increases
the size of alveolar septae, which shows broken alveoli (not
shown).
The eﬀect of hyperoxia was not signiﬁcant in saline
as well as meconium-instilled lungs. Hyperoxic animals
demonstrated sleepy behavior and its eﬀect was seen already
after 15 seconds after treatment. Both hyperoxia and hypoxia
animals demonstrated signs of respiratory distress (retrac-
tion, nasal ﬂaring). Regardless of the noted eﬀect of hypoxia
or hyperoxia-induced damage, meconium-induced damage
was signiﬁcantly more destructive and meconium-induced
lung injury was signiﬁcantly higher than in other groups
studied.
Meconium-instilled animals demonstrated increase of
total protein content in the lung lavage (see Table 2(a)).
Meconium-induced protein levels were signiﬁcantly higher
compared to levels observed in lung lavage from animals
instilled by saline, milk as well as animals exposed to
hypoxic or hyperoxic conditions (Table 2(b)). In meconium-
treated lungs, 6.2 ± 1.7mg/ml of total protein was detected
24hrs after meconium instillation; 0.24 ± 0.2mg/ml in
saline-instilled lungs; 2.0 ± 0.4mg/ml in milk-treated lungs;4 Mediators of Inﬂammation
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Figure 1: Cell death in groups of animals instilled with saline, milk and 10% meconium. (a) shows percent of dead cells at diﬀerent time
periods after instillation. The number of dead cells after meconium instillation was signiﬁcantly higher than after saline and milk instillation
at all time periods studied (P<. 05). (b) shows lavage cell death in animals treated with hypoxia or hyperoxia. There was no statistical
diﬀerence in the percent of dead cells between hypoxic or hyperoxic conditions. These numbers were negligibly small and comparable to
saline-instilled animals.
2.3 ± 0.9mg/ml in hypoxic lungs; 3.1 ± 1.1mg/mlinhyper-
oxic lungs. Data for meconium-instilled lungs was statisti-
cally signiﬁcant versus all other groups. Data for hyperoxic
lungs also was statistically signiﬁcant versus the saline group
(P<. 05) and not signiﬁcant versus the hypoxic group
(P>. 05).
Intratracheal instillation of meconium causes the dra-
matic expression of inﬂammatory cytokines in lung lavage
but not in saline- or milk-instilled lungs. Saline-exposed
newborn rabbit lung lavage cytokine levels were similar at
4, 8, and 24hrs. In this study, we demonstrated expression
of TNFα,I L - 1 β, IL6, and IL10 cytokines in diﬀerent
study groups of rabbits. The TNFα and IL-6 inﬂammatory
cytokines were expressed signiﬁcantly in meconium-instilled
lungs (Table 3(a)).
Both of these cytokines were expressed about four times
higher compared to saline-treated than in lavage-treated
lungs. Milk-instilled animals did not show any signiﬁcant
expression of discussed cytokines versus saline-instilled, and
milk-instilled and saline-instilled animals showed approx-
imately similar, not signiﬁcant levels of TNFα and IL-6
cytokine expression. Surprisingly, IL-1β was expressed about
twofold higher 4hrs after meconium-instillation (maximal
observed expression in IL-1β) than saline-instilled lungs (see
Table 3(a) for details).
In hypoxic or hyperoxic conditions, the levels of inﬂam-
matory cytokines TNFα and IL6 were increased signiﬁcantly
(Table 3(b)). Anti-inﬂammatory cytokine IL-10 levels were
not signiﬁcant in any of the groups studied.
3.1. Results of A549 Cell Studies. We found that meconium-
treated cells similar to lung lavage cells demonstrated
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Figure 2: Cell death in A549 cell line studies. Percent of cell
in saline- (A, B, C) or meconium- (D, E, F) treated A549 cells
in presence of hypoxia (B, E) or hyperoxia (C, F). Meconium +
hypoxia (E) or hyperoxia (F) demonstrated some increase in cell
death compared to saline + hypoxia (B) or hyperoxia (C). P<. 05
meconium (D, E, F) versus saline (A, B, C).
dramatically higher percent of cell death (Figure 2,D ,
E, and F) compared to saline-treated cells (Figure 2,A ,
B, and C). This diﬀerence was statistically signiﬁcant
(P<. 05). We also found that hypoxia + meconiumMediators of Inﬂammation 5
Table 3
(a) Expression of TNFα,I L - 1 β, IL-6, and IL-10 cytokines after saline, meconium, or milk instillation (in pg/ml).
Sal 8hrs Mec 4hrs Mec 8hrs Mec 24hrs Milk 4hrs Milk 8hrs Milk 24hrs
TNFα (P<. 05) 0.39 ±0.11 0.80 ±0.32 1.45 ±0.84 1.24 ±0.42 0.40 ±0.11 0.43 ±0.21 0.64 ±0.18
IL-1β 0.29 ±0.19 0.44 ±0.22 0.33 ±0.15 0.25 ±0.12 0.12 ±0.05 0.17 ±0.05 0.65 ±0.12
IL-6 (P<. 05) 0.21 ±0.14 0.44 ±0.25 0.92 ±0.34 0.81 ±0.26 0.24 ±0.05 0.19 ±0.10 0.68 ±0.12
IL-10 0.25 ±0.09 0.23 ±0.12 0.21 ±0.17 0.27 ±0.19 0.31 ±0.27 0.16 ±0.17 0.28 ±0.14
Changes in cytokine levels within the saline-treated or milk-treated groups were not signiﬁcant. In meconium group, cytokine levels increased signiﬁcantly
at 8 and 24hrs.
(b) Expression of TNFα,I L - 1 β, IL-6, and IL-10 cytokines after 15-minute treatment in hypoxic or hyperoxic conditions.
Cytokines (pg/ml) Saline 8hrs Hypoxia 15min Hyperoxia 15min
TNFα (P<. 05) 0.39 ±0.11 0.54 ±0.29 0.71 ±0.21
IL-1β 0.29 ±0.19 0.44 ±0.15 0.40 ±0.17
IL-6 (P<. 05) 0.21 ±0.14 0.69 ±0.20 0.67 ±0.36
IL-10 0.35 ±0.19 0.43 ±0.39 0.39 ±0.20
Cytokine levels in hypoxic or hyperoxic conditions were elevated. However, a signiﬁcant increase was observed only for TNFα and IL6 expressions for both
hypoxic and hyperoxic groups compared to saline-instilled group.
group showed some increase in number of cell death and
inﬂammatorycytokines expression comparedtohyperoxia+
meconium group; however, this increase was not signiﬁcant
(P>. 05).
4. Discussion
Meconium aspiration syndrome is frequently associated
with hypoxia. Hypoxia is accompanied with mechanisms
responsible for clinical manifestations of MAS [7]. Levels
of hypoxia contribute to the inﬂammation induced by
meconium as noted by increased cytokine production in
hypoxic conditions. Leeper-Woodford and Detmer showed
that acute hypoxia in lungs may induce enhanced NF-kB
activation in alveolarmacrophages,resultingin theincreased
production and release of inﬂammatory cytokines such as
TNFα [4].
Hyperoxia has also been reported to cause pulmonary
pathology and dysfunction, leading to death in several
species [8, 9]. In survival studies, Frank et al. [8] showed
that newborn lungs are particularly susceptible to hyperoxic
exposure becauseof their inability to increaseprotective lung
antioxidantenzymes,resultingin50%mortalityratebythree
days. Kelly et al. [10] reported a mortality rate of 21% in
newborn exposed to 95% hyperoxia for 96hrs. Hyperoxia is
associatedwithlowinﬂammatorycelllevels;proteaseactivity
and levels of total protein were slightly increased compared
to that of saline-instilled animals, suggesting a similar degree
of pulmonary dysfunction. This dysfunction may be due to
lung inﬂammation and capillary leaks. Cell death in lungs
may be induced by numerous factors, the most critical of
t h e mi sm e c o n i u ma n dh y p e r o x i a[ 5, 7, 11–16]. Previous
studies have described in detail the eﬀects of hyperoxia
on the lungs in diﬀerent animal models. Buckley et al.
examined cell death by apoptosis in ex vivo cell culture from
hyperoxia-exposed rat lungs [11]. Hagimoto et al. showed
Fas/Fas L pathway in apoptosis mediation in mice [17].
Holopainen et al. used piglet model to show early necrotic
changes in lung epithelium [12].
Newborn rabbits cannot tolerate hypoxic or hyperoxic
conditions more than 15 minutes. Many of them are dying.
However, we realize that hypoxia presents in lungs during
all time in MAS. Interestingly, those human lung epithelial
cells in culture were able to survive in hypoxic and hyperoxic
conditions for much longer time. That is why we used a cell
culture for studies in addition to a newborn rabbit model.
Hyperoxia is a well-known inﬂammatory factor, causing
severe response in the lungs. It is of speciﬁc interest because
of the wide use of mechanical ventilation and oxygen treat-
ment in the management of MAS. Allen et al. [18] used cul-
tured respiratory epithelial-like cells treated with hyperoxia
alone, TNFα alone, or both factors to show their eﬀects on
IL-8 gene expression. He demonstrated that hyperoxia alone
has a minimal eﬀect on IL-8 expression, but synergistically
increases it in the presence of TNFα. Ben-Ari et al. base their
studies on neonatal rats, showing that the exposure of lungs
to 100% oxygen causes the production of pulmonary TNFα
on the third day and IL-6 on days 6–9 of hyperoxia [19, 20].
There is a similar degree of pulmonary dysfunction in
hypoxic and hyperoxic animals. In our studies, meconium-
instilled animals demonstrated signiﬁcantly higher levels
of cell death and higher cytokine expression, compared to
other treatments. Hypoxic and hyperoxic animals produce
initial lung inﬂammation (polymorphonuclear cells and
inﬂammatory cytokines increase).
Wecomparedtheeﬀectsofmilkinstillationtomeconium
instillation studies as reported before [15]. To the best of
our knowledge, there is no data about the eﬀects of milk
instillation on lung cell apoptosis or cytokine expression in
the literature available, making our study unique in this area.
The eﬀects of milk alone on lung were comparable to the
eﬀects of saline.
Finally, another manifestation of lung injury is capillary
leak resulting in an increase of total protein concentration in6 Mediators of Inﬂammation
lavageﬂuid,whichwashighinmeconiumgroup(Table 3).In
contrast, the total amount of protein in BAL in milk-instilled
animals was comparable to saline-instilled animals.
In the present study, we compared the inﬂammatory
eﬀect of meconium with eﬀects of milk instillation. We also
presentedadataabouttheeﬀectofhypoxiaandhyperoxiaon
lung cell death and expression of inﬂammatory cytokines.
Ourdataseemstoprovethatnoneoftheirritantscausing
acute lung injury contributed to lung cell death or cytokine
expression to the extent seen by the aspiration of meconium.
Hypoxic and hyperoxic insults, even if treated for only 15
minutes, resulted in minimal changes, whereas milk and
saline caused even less injurious eﬀect. Hypoxia, always a
factorinmeconium-inducedlunginjury,doesnotseemtobe
responsible for its injury and apoptotic eﬀect. More studies
are needed to ﬁnd the role of mechanical stress of ventilation
o rt h ec h a r a c t e r i s t i c so fm e c o n i u ms u c ha sp a r t i c l es i z e ,
viscosity, and so forth on lung cell injury, including a longer
time of treatment, as 2, 4, 8, and 24hrs of hypoxia or
hyperoxia treatment.
In summary, we demonstrated that hypoxia and hyper-
oxia resulted in no signiﬁcant increase in cell death and
inﬂammation in newborn rabbit pups. An eﬀect of milk
exposure was comparable to saline eﬀects. The eﬀects
described above were much smaller and more delayed com-
pared to meconium eﬀect. Our present studies demonstrate
thataspirationofmilkandsalineintothelungswillnotcause
a signiﬁcant lung injury.
Overall, our data demonstrate that meconium-induced
lung injury may not be explained by the concomitant
presence of milk, hypoxia, or hyperoxia in MAS. Meconium
with its multiple compounds is likely the major agent, which
induces lung inﬂammation and lung cell death.
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